The purpose of this study is to examine the repercussions vehicular road transport emissions have on global warming potential (GWP), and the need to address the issue considering methodological challenges facing road transportation in Nigeria. Specific objectives of the study includes to determine the emission level in the country, to evaluate the GWP and to develop a emission mapping network on trunk A roads in Nigeria. Accurate information on these emissions is required to strengthen the mitigation and adaptation ability of the country to tackle climate change. The study relied on direct measurement technique supported by literature as well as questionnaires administered on the organised vehicle fleet operators and road traffic management agency as data gathering methods. Also, detailed analysis of questionnaires responses was carried out. Results show that road transport account for over 14% of greenhouse gases. Survey findings indicate that excessive smoke emission offence accounts for 1-2% of the annual road traffic offences in Nigeria. Using Statistical Package for Social Science (SPSS) software version 16, five fitted simple linear regression models were developed. With these fitted models it is possible to map the gas concentrations on the kilometre travelled. Examination of the National Vehicle Identification Scheme (NVIS) revealed a rise in the periodic plate number generation from yearly record of 788,169 in 2001 to 791,832 in 2009. Human capacity requirements, based on yearly Drivers Licence (DL) processed, increased by 55% between 2000 and 2010. Three mutual strategies namely renewed urban and rural road transport infrastructure availability, regular fleet maintenance and capacities building for improved behavioural change of road users were recommended to help control road transport emissions. These measures if inflexibly implemented will change the transport sector from being a major global warming risk factor to that of Eco-friendly sector.
Introduction
In future, the rate of greenhouse gases from road transport will likely be growing faster than that from gas flaring in Nigeria. A proxy indicator of the generic cause of this emissions rate is the growing demand for personal automobile (motorcycles, tricycles, cars, trucks and tanks) ownership without a change in travel behaviours. The foregoing argument implies that vehicular emissions are inevitable corollary of the desire to meet societal mobility needs. Consequently, a large amount of greenhouse gas emissions are expected because the vehicles are operated primarily on fossil fuels. Vehicle fleets emissions are primary source of ozone precursors (Jones & Stokes, 2007) . Potency of these emissions depends on quantity released and specific heat trapping property of each range (Perez et al., 2013) .
The increasing intensity and heat trapping abilities of the emissions have direct consequence on warming of the earth's atmosphere referred to as global warming. Global warming potential (GWP), therefore, is a ratio of the amount of radiation a unit emission of the gas absorbs over a time frame, as compared with how much radiation a unit emission of CO 2 absorbs in the atmosphere over the same time period (Anonymous, 2012) . While there is no clear consensus on global warming among scientist (Lindzen, 1992) , there is a reality of its impact on ecosystem. There is also, a growing recognition that we cannot stop global warming (Igwenagu, 2011) , however, we can manage their spiral effects including high global warming potential arising particularly from vehicle activities.
The purpose of this study is to examine implications of rising global warming potentials of greenhouse gas from road transport. Six physical elements of the transport sector can influence the GHG emissions: vehicle fuel efficiency, green house gas intensity of fuel used, amount of transport activity, mode of transport chosen, amount of capacity occupancy used and changes in vehicle ownership (Robinson, 1997; Briol & Guerer, 1993; Al-Naima & Hamd, 2012) . For developing countries, where there is dominance of road transportation, these elements are expected to influence emission of more greenhouse gases than urbanization challenges. Under this situation, road transportation has great prospects for innovative investment opportunities in one respect. In another respect, there is air pollution as a liability. Finding sustainable solutions to the liability motivates this study.
In addition, transport sector in Nigeria is challenged by other factors including dilapidated road network, old and poorly maintained vehicle fleet and inept human capacity base. The follow-on effects of these factors can accelerate global warming. When the road is bad, it affects everybody because materials and human beings have to be moved from one location to another (Nneji, 2012) . The poor state of our roads is worsened by over reliance on road transportation for mobility of goods and services resulting in avoidable accidents and traffic gridlock as shown in Figure 1a and 1b. The traffic gridlock can be compared to a queuing system. It increases vehicles fuel consumption and cost for running a normal short distance trip. For road unworthy vehicles, gridlock produces a large volume of harmful GHG emissions which contribute to global warming and can cause more short-term and localised problems, such as smog and respiratory problems (Musbau, 2012) . Also, traffic congestions pose serious security risks in addition to loss of productive time. However, this study focuses on the global warming implications because of its life-threatening consequences on environment. The main pollutants from vehicle emissions are NO x , CO 2 , CO, SO 2 , and CH 4 . Pollution of ambient air with these elements all together constitutes environmental and human health hazards to the society. With increasing demand for personal automobile ownership due to impaired public transport modes, the insidious impacts of vehicle emissions are expected to continue in the future. In this context, upward trend in consumption of transport fuels and more emissions are expected (Birol & Guerer, 1993) . Therefore, evaluation of the global warming potential of road transport emission is pertinent in order to evolve adaptation and mitigation strategies, especially for the associated climate change implications.
Adaptation and mitigation to climate change should be taken together because they have an inseparable link. Their linkage can be understood by the fact that adaptation practice alone cannot save a patient from continuous over dosage of a drug. There should be strategies to mitigate over dosage. In a similar sense, the fragile ecosystem is under continuous overdose of impacts of climate change and require both mitigation and adaptation strategies for continued existence. According Kane and Shogren (2000) , both strategies jointly determine our risks and the costs of decreasing those risks. They each influence the timing and level required of the other (Munasinghe & Swart, 2005; Wilbanks et al., 2003) and their responses depend on social and technological constraints.
www.ccsenet.org/eer Energy and Environment Research Vol. 3, No. 1; 2013 Unless inventory of vehicle emissions are evaluated and their links with social and technological constraints explored, there can be no effective control of their production. Recent studies have treated vehicle emissions both in ethnographic spread and content analysis. In the context of ethnographic occurrence, (Abam & Unachukwu, 2009; Utang & Peterside, 2011; Ndoke et al., 2012; Moen, 2012; Musbau, 2012) It is common knowledge that vehicle emission concentrations vary with engine operating mode, which include idling, decelerating, cruising and accelerating. The present literature on the subject so far has treated and evaluated emissions from automotive at traffic jam and sampling points alone. There seems no documentation exists that covers major road networks across all geographic areas. In order to close this gap, the emission mapping of traffic pollutants along the roads between Abuja and States capital is important and addressed in this study.
The objectives of this study include determining the emission level in the country, evaluating the GWP and developing an emission mapping network on trunk "A" roads in Nigeria. In carrying the study, relevant data were obtained through questionnaires and interviews methods. Contacts were made to competent personnel of the Federal Road Safety Commission (FRSC) (a typical traffic management system) and the organised vehicle fleet operators while the obtained data were used to compute GWPs indices. Unlike the treatment in the present literature on the subject GHGs emission this study developed a mapping methodology. This methodology is a consistent approach for calculating the GHGs emission along the major trunk A roads connecting Abuja city with State capitals. The mapping is with a view to identifying road networks that lead to higher emissions and capacity expansion options for the sector. The approach is robust and exploits travel behaviour (cruise, accelerating and decelerating) applicable for intercity connections.
Background Information and Justification for the Work
Globally, transportation service is conducted mainly by water ways, road, railways and airways. These modes collectively provide safer and faster ways for movement of goods and services. But, transportation in Nigeria is a harrowing experience due to over reliance on road transport vehicles. Road transport is the most popular; accounting for 75% of mobility needs and has widest spread of transport network in Nigeria. The country has 195,000 km national road network, with federal roads accounting for 17% (Nigerian Engineer, 2012) , current vehicle population exceeding seven million (Agbo, 2011) and average density of 11 vehicles per kilometre (Musbau, 2012) .
The population of Nigeria is 140 million people from 250 ethnic nationalities. The ethnic nationalities have been grouped into 36 States as shown in Figure 2 with Abuja as federal capital for administrative convenience and political governance. The roads linking the States with Abuja have high traffic density, which informed their choice for this study. Abuja is Nigeria's fastest growing city with a per annum growth rate of 5% and low industrial development (Moen, 2012) . The overall rate of urbanization in Nigeria is 5.6%. Therefore, high level socio-economic and political interactions between the States and Abuja necessitate intensive transportation services. However, lack of railways and waterways as well as unreliable airways systems connecting the States and federal capital have resulted in heavy vehicle activity with the associated GHG emissions.
The actual and potential effects of concentrating on single mode of transport, according to Robinson (1997) , are large-global climate change, ozone depletion, smog, congestion, noise and urban sprawl. Estimation of the level of concentration of gas emissions and associated impacts like global warming under heavy vehicular activity is the main thrust of this study.
The vehicle activity is defined here as the distance covered by vehicles between the States and federal capital routes. The associated emissions have global warming potential implications. Global warming potential implies increase irradiative capacity or ability to trap ambient heat. These implications in addition to deplorable state of the roads make road travel unpleasant and stressful or sometimes result in human health problems. The argument against this worrisome experience has led to short term recommendations for strict control measures such as restriction on importation of old vehicles and elimination of lead concentration in gasoline. But, these measures www.ccsenet.org/eer Energy and Environment Research Vol. 3, No. 1; 2013 hardly offered reasonable relief and for this reason complementary solutions are required. Long term measure will include emission mapping that will ensure optimization of the potency level of the GHGs. 
Challenges of the Road Transportation System in Nigeria
A comparison of modes of powering road transport vehicles clearly indicates that whereas electric mode ranks second to internal combustion engines in terms of cost-benefits, the former remains the best in terms of air pollution effects. Electric vehicle offers an improved overall thermodynamic efficiency (Muneer et al., 2011) . However, electric vehicles are uncommon in Nigeria and replacement of internal combustion engine with electric type involves huge capital investment in infrastructure and capacity building. Also, the growth potential of road transport has been associated with corresponding increased energy intensity. Energy intensity is defined here as the energy use per vehicle kilometre in the case of cars, energy use per tonne kilometre for goods vehicle, rail, marine and air freight, and energy per passenger kilometre for bus, air and rail transport ( Michaelis, 1997) .
Efficient and safe road transportation is among the missing critical success factors in the drive towards a productive economy in Nigeria. This problem undermines sustainable development, particularly economic transformation that stems from mobility of human, goods and services. Ineffective transport system in Nigeria has been attributed to low quality of human capacity in the sector, increasing number of old and poorly maintained vehicle fleet, over stretching of road and its substitution for rail and water ways. How can these issues be handled with a view to innovatively tap the job creative opportunities of road transport sector?
Capacity Building and Training for Promotion of Reliable Road Transport System
The road transportation management in Nigeria is challenged by unskilled human capacity base. The effect of this problem on the society includes high accident rate and 70% of it is attributed to ineptitude. Without qualified and tested human capacity base, there can be no effective road transportation system. Capacity building is prescribed here as a part of the way forward.
Capacity building in the context of road transportation sector involves a process of assisting people to develop their technical and decision making skills for getting it right when faced with road challenges. The road transport sector like most other sectors should benefit from the abundant human resources in the country. The jobs available in the sector are such that the seeker creates them and can just do that only if the requisite skills have been embedded. In view of this reason, the human capacity aspect of the road transport administration can, as a general rule of management, only increase productivity if the capacity is enhanced. Are there possibilities for this purpose in contemporary Nigeria?
Fleet Maintenance, Elimination of Aging and Air Polluting Vehicles
The social and economic consequences of heavy road vehicular traffic has remained an under-surface problem in Nigeria. Nigeria is highly dependent on second-hand used imported vehicles that place great burden on the environment in terms of energy consumption and air pollution. Imported brand new vehicles that have high fuel efficiency are expensive and mostly affordable by government agencies and few corporate organizations. The above stated trend of vehicle importation has remained difficult to change since the few assemble plants closed shops in Nigeria. Introduction of road user charges such as excessive emission charges, fuel taxes and vehicle import taxes rated in proportion to age of manufacture will address the intractable emission level. The argument for these charges is to let the polluter pay cost for damages caused. For effective implementation of emission charge, it should be pressed on vehicles that fail a yearly tailpipe test.
Apart from the age of vehicles, improper fuel combustion techniques precipitated by untrained operators/ drivers also accounts for the rising social and economic costs of fleet management. Muneer et al. (2011) , has reported that 23% of energy losses in vehicles are due to frequent standby and breaking by drivers. This leads to more CO 2 emissions.
Another alternative way forward includes adoption of railway system as widely accepted means of mass freight and passenger transport, use of electric vehicles and renewable energy-based vehicles that will facilitate green technology transformation in Nigeria.
Urban and Rural Transport Infrastructure Availability
Road construction and maintenance in both urban cities and rural communities are twin indicators of good governance. But, they are lacking in Nigeria, while dilapidated tarred and eroded laterite-paved roads embellish the traffic ways.
The problem can be solved by involving private partnership with government in road construction and maintenance. Urban and rural road construction will reduce traffic congestion in the light of increasing vehicle ownership in the economy. Therefore, a strategy will be adopted through which the private sector recovers the investment in road construction and maintenance such as through road toll concession.
Three mutual strategies that need to be reinforced to ensure control of road transport emission and at the same time reduce the challenges are: renewed urban and rural transport infrastructure availability, regular fleet maintenance, consistent check on aging and air polluting vehicles, and capacity building for improved behavioural change of road users. These measures if inflexibly implemented will change the transport sector from being a major global warming risk factor to that of Eco-friendly sector.
Materials and Methods
Quantifying the current emissions from road transport is a crucial first step to determining the environmental impact of the sector. The approach used followed estimation of emission quantities and questionnaire administration. As for the basic emissions quantification, we have followed aforementioned instantaneous measurements conducted in Nigeria, but have modified these wherever this seemed appropriate so as to avoid built-in biases. The instantaneous measurements monitored directly air quality parameters through a Testo 350XL Emission Analyzer. The monitoring was conducted for a minimum of 72 hours at road intersections having records of perennial traffic congestions. Emissions concentration data were collected at hourly intervals for peak and off-peak periods. The concentrations are measured in parts per million. The monitoring process followed the pattern of exhaust testing.
In this regard, the average of the common emission values is calculated with at least one more figure than that of the data as follows:
Where n = total number of sample observations, i = 1 to 3 parameters, To calculate the greenhouse gases emissions from transport sector, the following are necessary: Using the activity data and emission factors, then calculate emission concentrations generated that are specific to each GHG  The GHG emissions are reported in terms of CO 2 equivalent. The CO 2 equivalent is determined by multiplying the amount of emissions of a particular gas by its specific global warming potential index. Table 1 shows specific global warming potential indices of some of the gases.  Also, an assumption is made that the concentration of pollutants in atmosphere is influenced by weather conditions which are different in space and time (Utang et al., 2011) .
To reduce all values to single unit, the concept million metric tons of carbon equivalent (mmtce) is used (GEF, 2010). 
Results and Discussion
For the purpose of this study, 36 heavily trafficked routes that link the 36 States of Nigeria with Abuja were used to represent the traffic activity. A questionnaire survey considered predominant automotive vehicle types in Nigeria irrespective of model and fuel types. The investigation showed that cars, buses and jeeps are common on our roads. Also, results of the questionnaire survey show that some of the respondents spend 30 to 60 minutes of their travel time at traffic congestion. Human capacity requirements for transport sector, based on yearly Drivers Licence (DL) processed, increased by 55% between 2000 and 2010. This implies a growth rate of 5.5% if spread evenly within the range of period being considered. This growth rate is significant in view of rising number of personal automobile ownership. It can be inferred that with the 5.5% and more vehicles operated on fossil fuel, there will be a corresponding increase in amount of emissions resulting to high GWPs. The survey analysis also, showed that overall annual smoke emission offences accounts for 1% to 2% of road traffic offence.
For the objective measurement of exhaust gas emissions from these vehicles, the study adopted direct measurements monitored by Abam and Unachukwu (2009), Moen (2012) , Utang and Peterside (2011) . The decision to adopt these values was taken because the authors followed international standard practices similar to the strategy proposed for this study. Also, the following: NO x , CO 2 , CO, SO 2 , and CH 4 were monitored at different geographical zones with peak and off-peak periods within same range of ambient conditions which fairly represent national conditions. Table 2 shows some of the different readings.
The concentration levels shown in Table 2 collaborates with the survey questionnaire findings that excessive smoke emission offence accounts for 1-2% of the annual road traffic offences in Nigeria. Also, road transport account for over 14% of national greenhouse gas emissions.
The aforementioned values are constrained to increase when examined along side the rising rate of vehicle ownership, both government and private in the country. Table 3 shows the ownership structure through periodic National Vehicle Identification Scheme (NVIS) registration. Moen (2012) , Utang and Peterside (2011) .
N/A = not available. Source: Federal Road Safety Corps (FRSC), Wuse Zone 2, Abuja, Nigeria.
The prior stated gaseous concentrations in Table 2 are emitted as exhaust gases from the automotive engine and into the atmosphere through the exhaust ports, exhaust manifold, exhaust pipe, muffler, and tail pipe. They are still average point data (as calculated using Equation 1) and monitored within a kilometre range. To calculate the instantaneous gases emitted in mass units, a measured exhaust flue gas volume flow rate (V exh. ) of 1200 CFM (0.564 m 3 /s) is used. To obtain the mass units for each of NO 2 , CO and SO 2 , these steps were followed: Where: VKT = vehicle kilometre travelled, VP = vehicle population, a = VKT* instantaneous ppm of CO, b = VKT * instantaneous ppm of SO 2 , C = VKT * instantaneous ppm of NO 2 , d = VP * instant. Ppm of CO, e = VP * ppm of SO 2, and f = VP * ppm of NO 2 .
Using Statistical Package for Social Science (SPSS) software version 16, a five fitted simple linear regression models were developed. With these fitted models it is possible to map the gas concentrations on the kilometre travelled. Also, the fitted models show that gas concentrations are functions of population of automotive vehicles. Equations 4 and 5 demonstrate relationship between VKT and concentration, while equations 6, 7 and 8 are for VP and concentration. The developed models are useful for forecasting the gas concentrations in once the VKT and VP are known. With known concentration, emission factors can be estimated. Using the emission factor and activity data the GWP specific to each GHG is computed.
The GWP of each GHG is defined in relation to a given weight of CO 2 and for a time period. Currently, GWP of gases are expressed in C0 2 equivalents and it makes comparison of the potential effects of other gases possible (GEF, 2010) . In this work, tons CO 2 eq /km for three commonly available automobiles: cars, buses and jeeps in Nigeria were calculated based on their sample population. The result is shown in Figure 3 . From Figure 3 , it can be proved that increasing vehicular emissions have GWP and climate change implications on human health and the environment. Meanwhile in this study, reduced severity of impacts can be realized through improved changes in vehicle characteristics (efficiency), road characteristics (increase occupancy per peak hours) and travel preference mode.
Conclusion
In this study, a global warming potential implication of vehicle emissions and methodological challenges faced in a road dominated mode of transport has been examined. The greenhouse emissions have pollution effects and are the main cause of global warming and climate change. In carrying the study, relevant data were obtained through questionnaires and interviews methods.
Results show that road transport account for over 14% of greenhouse gases. The questionnaire analysis indicates that excessive smoke emission offence accounts for 1-2% of the annual road traffic offences in Nigeria. Under the National Vehicle Identification Scheme (NVIS) the periodic plate number generation rose from yearly record of 788,169 in 2001 to 791,832 in 2009. More so, the human capacity requirements, based on yearly Drivers Licence (DL) processed, increased by 55% from 2000 to 2010. Using Statistical Package for Social Science (SPSS) computer software, a five fitted simple linear regression models were developed. With these fitted models it is possible to map the gas concentrations on the kilometre travelled. Road transport emissions have great climate change implications on human health and the environment. In Nigeria, challenges to efficient transportation have been attributed to low quality of human capacity in the sector, increasing number of old and poorly maintained vehicle fleet, over stretching of road and its substitution for rail and water ways.
www.ccsenet.org/eer Energy and Environment Research Vol. 3, No. 1; 2013 Figure 3. GWP in Ton CO 2 eq/km for cars, buses and jeeps Three mutual strategies are needed to control road transport emission and at the same time reduce the challenges are: renewed urban and rural transport infrastructure availability, regular fleet maintenance and capacity building for improved behavioural change of road users. Also, this study recommends a yearly tailpipe emission testing on all vehicles which qualifies them to ply on public roads.These measures if inflexibly implemented will change the transport sector from being a major global warming risk factor to that of Eco-friendly sector.
Information obtained from this study will help policy makers to formulate road pricing systems and plan for green technological transformation.
